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Abstract 
At present most spectrometers, in particular for wavelengths longer than the VIS, are comparatively large, stationary and 
expensive. With the advent of micro-electro-mechanical systems (MEMS), it became possible to build pocket-sized 
spectrometers for various spectral ranges, including the near-IR or mid-IR. These systems are highly rugged and can measure 
spectral changes at ms time resolution or to co-add several hundreds of scans to one spectrum achieving adequate signal-to-noise 
ratios. Two spectrometer systems a Czerny-Turner type scanning monochromator and a FT-IR spectrometer both based on a 
micromechanical scanning mirror technology with in plane electrostatic actuation are presented. 
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1. Introduction 
With a definite trend towards use of spectroscopic systems in various fields of science and technology, there is an 
increased demand for compact spectrometers. Compact low-cost spectrometers for the near-IR above 1,7 µm or even 
the mid-IR would be of high interest for numerous applications, such as industrial process control and chemical 
sensing. State of the art for wavelengths above 2 µm are i) monochromator systems and ii) Fourier-Transform (FT) 
spectrometers, both using a single detector element but the necessity of having massive, moving optical components 
limit both the acquisition speed and the achievable degree of miniaturization. This is where MEMS components 
come in. MEMS components are usually produced using well-established semi-conductor production processes 
allowing for a convenient combination of e.g. semiconductor materials, dielectric layers and metals. Thus, intricate, 
powerful and highly reliable micro-devices can not only be produced in large quantities and at low cost but can also, 
within certain limits, be flexibly adapted to specific application requirements. Some efforts have been reported to 
miniaturise such instruments1-4 based on various MEMS technologies. We present two different spectrometer 
developments, a scanning grating spectrometer5 and a FT-spectrometer using in plane actuated photonic MEMS 
devices. 
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 2. MEMS scanning grating spectrometer 
The optical system of the spectrometer uses a Czerny-Turner monochromator setup where the spectrum is 
scanned across the detector on the basis of a rotating diffraction grating. As this system requires only a single 
detector, significant advantage over array spectrometers in terms of price as well as performance can be achieved 
especially in the NIR and mid-IR. While previously described MEMS scanners would be suitable in principle, the 
fact that these devices have to be operated at kilovolts makes integration into a portable instrument at least 
problematic. Resonantly driven micro-mirrors developed by the Fraunhofer Institute for Photonic Microsystems 
(IPMS) yield large scanning amplitudes and optical apertures at comparatively low driving voltages5. The 
micromechanical scanning grating device is manufactured in a CMOS-compatible process. In an additional 
photolithographic step the mirror surface is structured with a high efficiency reflection grating6. When applying 
pulsed voltages up to 36 V between frame and actuator, the electrostatic forces actuate a sinusoidal oscillation of the 
plate. 
(a)          (b)  
Fig. 1: Micro scanner device (a) schematic and (b) housed device carrying a CMOS processed pseudo-sinusoidal groove reflective grating. 
Balancing between a high radiation throughput, a good spectral resolution and maximum versatility, a f/3 fiber 
coupled optical system turned out to be optimal. Including the electronics system with a DSP core, a 12 bit ADC and 
a rugged housing, the MEMS grating spectrometer features a typical footprint of 100 x 80 x 75 mm³, a weight of 
about 0.75 kg and a power consumption of less than 5 W. 
 
(a)        (b)  
Fig 2: (a) Scanning grating spectrometer optical layout, (b) scanning grating spectrometer prototype. The scanning micro grating is encircled 
The system covers a spectral range from 1200 nm to 1900 nm, and shows a spectral resolution of a 10 nm, a data 
resolution better 1 nm and a wavelength stability of better ± 0,5 nm over the entire range7. Meanwhile modified 
systems for extended wavelength ranges up to 2500 nm and 4500 nm respectively using thermoelectrically cooled 
detectors have been realized8. In fig. 3 sample spectra are shown in order to characterize the performance. 
Due to the high scanning speed it is easily possible to compensate for the perhaps inferior signal-to-noise ratio of 
a single scan by co-adding a high number of spectral scans within a few seconds. At an oscillation frequency of 
130 Hz of the MEMS grating the spectrometer can acquire one spectral scan every 7.7 ms, or one spectrum 
integrating 1000 scans in less than 8 s. 
 A. Kenda et al. / Procedia Chemistry 1 (2009) 556–559 557
  
(a)    (b)  
Fig 3: (a) A Krypton emission spectrum shows calibration and FWHM data, (b) the transmission spectrum of a 1660 nm interference filter shows 
the improvement in SNR after averaging 100 scans. 
3. MEMS FT-spectrometer 
A FT spectrometer requires a MEMS mirror component that is capable of linear movement. While a number of 
translatory MEMS elements have been described, the amount of linear travel is usually limited to several 10 µm. 
Since spectral resolution is related to this parameter a maximum travel is favorable. Again, resonantly driven micro-
mirrors developed by the Fraunhofer IPMS proved to be a feasible solution. 
 
Fig 4: (a) SEM micrograph of a translatory micro-mirror component with pantograph-type suspensions. (b) suspension detail (c) SEM 
micrograph of the first generation mirror, used in an early FT-spectrometer prototype. 
Fig. 4 shows two different translatory mirror devices. Fig. 4 (a) and (b) show a device with the mirror plate 
suspended by pantograph-type structures. This mirror travels up to ± 500 µm9 and will be integrated in the next 
generation MEMS based FT-spectrometer which is being developed within the EU FP7 project ‘MEMFIS’. 
The mirror of the actual device, shown in fig. 4 (c), travels up to ± 100 µm. When applying pulsed voltages up to 
50 V, the electrostatic forces actuate a quasi-harmonic oscillation of the mirror plate. This nonlinear motion has to 
be compensated at acquisition or the sampled interferogram has to be interpolated to get sample points which are 
equidistant in terms of optical path difference before applying the FFT. 
(a)                (b)  
Fig 5: (a) FT-spectrometer optical layout and signal path (schematic). A laser reference interferogram is generated using the backside of the 
micro-mirror. The laser signal itself is used to clock the sampling. (b) Photograph of the FT-spectrometer prototype. The necessary vacuum 
chamber has been opened to show the translatory micro-mirror (encircled). 
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 Around such MEMS devices, a suitably optimized optical layout has been designed and built. The layout 
optimization resulted in a classical Michelson arrangement, as illustrated in fig. 5. Encased in a rugged housing and 
using a thermo-electrically cooled MCT detector, the MEMS FT-spectrometer10 features a typical footprint of 
180 x 120 x 120 mm³ and a weight of about 1.5 kg. The prototype covers a spectral range from 5000 cm-1 to 
1600 cm-1 at a spectral resolution of 50 cm-1 or even 30 cm-1 respectively at single sided acquisition of the 
interferogram. While not suitable for highly resolved gas phase spectra, this is sometimes acceptable when analysing 
liquid or solid samples. 
(a)            (b)  
Fig 6: (a) Transmission spectrum of a Polystyrene film compared to a reference acquired with a laboratory instrument at a resolution of 2 cm-1. 
(b) 20 ms time resolved spectral characteristics of different states of a Bunsen burner flame. 
Again, besides the compact size, a key advantage of this MEMS based system is the high scanning speed. Due to 
mirror modulation frequency a single scan can be acquired within 1 ms. Fig. 6 (a) shows a transmission spectrum of 
a Polystyrene film which is the result of a 1000 scans average acquired within 1s to obtain acceptable signal/noise 
characteristics and fig. 6 (b) a time resolved plot with a resolution of 20 ms showing two spectral features significant 
for aliphatic CH and CO2 in a flame of a Bunsen burner during ignition. 
4. Conclusions and Outlook 
The first approaches to build practically applicable compact spectrometers based on MEMS devices with large 
amplitude in-plane actuators have exceeded initial expectations by far. The systems show the potential to be 
extremely fast and significantly cheaper than established spectrometers. Thus, MEMS spectrometers could 
significantly contribute to closer process surveillance and a better understanding of the underlying processes. For 
high-speed monitoring applications, spectral changes that could be monitored are at present restricted to more 
strongly absorbing substances or higher concentration levels. Still, improvement potentials, like using more sensitive 
detectors, etc. will be exploited to facilitate such applications. Further developments will focus on hardware 
improvements, new applications and on implementing data evaluation algorithms directly into the spectrometer 
aiming at total analysis instruments that could provide the user directly with the relevant information and measures. 
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